Introduction
Since the geometry of an electrode system affects the frequency dispersion of impedance when the primary current distribution on the electrode is nonuniform, Newman(l) has solved the problem of the alternating-current impedance for a disk electrode embedded in an infinite, insulating plane, with the counterelectrode at infinity. To isolate the effects of nonuniform potential distribution on the effective resistance (Rep') and double-layer capacity (C eff ), the electrode surface is taken to be smooth, and the true double-layer capacity (per unit area) C is assumed to be independent of frequency. In other words, all other contributions to the frequency dispersion (the roughness factor for different accessibility of peaks and valleys, the kinetic adsorption effect in the double layer. and the Warburg impedance(2-4) due to concentration changes near the electrode) have been eliminated, while the possibility of faradaic reactions has been included.
The impeq.ance Z of a system is a complex function of the frequency ii..l: [1] where Zr and Zi represent the real and imaginary parts of impedance, respectively. From this impedance we can define an auxiliary function z (ii..l): [2] where Zoe and (j are real constants, independent of frequency. In this way z (ii..l) .- can be endowed with the properties that z (ii..l) .. 0 as ii..l ... co and z (ii..l) is well behaved near ii..l = O. For an electrode where faradaic reactions can occur, (j == O.
For an ideally polarizable electrode where faradaic reactions cannot occur,
[3]
At high values of the frequency, Zr(ii..l)'" Z", where(G)
[4]
The causality principle in physics leads to the result that the impedance of an electrode is analytic in the lower half of the frequency plane. Consequently, if
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Impedances and the Kramers-Kronig Relations
Integration around the entire contour C (Figure la) leads to (with CJ and CJ o interchanged)(S) [5] where f denotes the Cauchy principal value of the integra1. 
CJ o -CJ 0 [6] and [7] Since Zr(CJ) is even in CJ and Z, (CJ) is odd in CJ, the K-K relations reduce to
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Figure tao Complex impedance diagram with the real and imaginary componenl-.s and simple poles.
5 [8] and [9] Notice that
[10]
This last relation permits the singularities at G.)o = G.) to be avoided. Thus we should put the emphasis on variations in the resistance and capacitance.
According to the equivalent circuit in figure lb. real and imaginary parts of the impedance can be related to the effective resistance and capacitance according to [11] and [12] Two dimensionless quantities have been introduced before{1.9} and are convenient in the present paper:
[13]
where n can be regarded as a dimensionless frequency and J as a dimensionless exchange current density. By making use of these equatiuns [10 through 13] . the K-K reiations take on a more suitable form for the impedance at a disk electrode:
... 
Evaluation of the Effective Resistance from the Capacitance
According to the previous paper(l). the high-frequency behavior of the effective capacitance can be expressed (for all values of J) as
[16]
A relation which approximates the values of capacitance over the entire fre-
[17]
The comparison with the theoretical values is shown in figure 3a . Substitution
ex: Next we use the function (derived from the asymptotic behavior shown in figure   4 ) 
U4,L---------~~---------L----------~----------1O~---------~~

Evaluation of the Capacitance from the Etlective Resistance
The first approximation we use for the resistance function (for J = 0) is 
1~4~----------~~---------L----------~----------~----------~
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n =w Croll< xBL 85 Figure 5a. Frequency dependence of the effective resistance for J = 0:
• -values from reference 1.
-values calculated for the first approximation (equation [26]).
[27]
where A/2 = 0.08076. This expression roughly approximates the theoretical values in figure 5b.
Closer approach to the theoretical values has been obtained by the addition of a residual function for the resistance:
This residual function has been fitted over each interval between theoretical points, similar to the way that equation 25 was used for the capacitance . 
Concluding Remarks
Landau and Lifshitz (8) write that the K-K relations are of great importance in physics for evaluation of frequency dispersion because they allow one to calculate either of two corresponding functions even when the other is known only approximately or empirically. They are also useful to test the consistency of data.
The present study shows that the impedance values from the disk electrode perfectly obey the K-K relations. An important benefit of the Kramers-Kronig relations is the ability to calculate the values of the effective resistance from the capacitance, and vice versa. The interpretation of impedance by the K-K relations depends on the functions used for the effective capacitance and resistance: the higher the accuracy, the better the agreement. However, to calculate any individual value either of the capacity, or the effective resistance, from the K-K
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Figure 5b. Frequency dependence of the effective capacity for J = 0:
• -values from reference 1. 
V(s) =L{V(t)} =f e-stV(t)dt.
o From Ohm's law, the transfer function Z(s) can be defined,
yes) =7{s)·Z(s).
F'or the special case where the current is a constant,
where A is the value of the constant current. around any closed contour in the right half-plane will be zero. If the contour is expanded to include the entire right half-plane, the semicircle at infinity is found to contribute nothing, and there remains the integral along the imaginary axis from c.> = ~ to co, with integration around the pole at s = ic.>o.
If we transform from the variable s to the variable W = -is (so that Wr = -i 2 c. > = c.> and ~ = -sr), we conclude that Z is analytic in the lower half plane (see figure 1a ).
